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ABSTRACT
Water Quality Assessment for San Luis Obispo and Stenner Creek
Jesse Stewart

Water quality was assessed in five stream segments in San Luis Obispo Creek and its
tributary Stenner Creek in spring 2022. Two sites were selected along the San Luis Obispo
Creek, and three sites along Stenner Creek. The stream segments were evaluated using the
Surface Water Ambient Monitoring Program’s procedures for bioassessment of California
streams. This procedure describes the collection of physical, chemical, and biological parameters
including streamflow, substrate, flow habitat, and benthic macroinvertebrates toward a
quantification of a California Stream Condition Index (CSCI). The California Polytechnic State
University: San Luis Obispo, Stream Measurements and Water Quality course provided student
labor for collecting and organizing data. The water quality of five stream segments within the San
Luis Obispo Creek watershed were found to be acceptable to good quality based on the resulting
CSCI scores.

Keywords: Benthic macroinvertebrates, water quality, streamflow, bioassessment.

iv

ACKNOWLEDGMENTS
This project was possible due to the grant from the Harold J. Miossi Charitable Trust
which helped fund the equipment, lab analysis, and data work used in this project. The Harold J.
Miossi Charitable Trust supports projects to improve the communities and lives of San Luis
Obispo County residents. Additionally, sources of help include the City of San Luis Obispo who
helped with site collection, site access, and processing the collected samples. The Morro Bay
National Estuary Program provided essential information, advice, and helped with the many steps
of data collection from informing me of what permits were needed, techniques to collect and
process data, and post collection support for data entry. Representatives such as Howard Carroll
from the Miossi Charitable Trust, Freddy Otte from the City of San Luis Obispo, Makenzie
O’Connor and Ann Kitajima from the Morro Bay National Estuary Program, and Chris Surfleet
from California Polytechnic State University: San Luis Obispo were willing to meet throughout the
year to discuss the best course of actions needed for the project to succeed. Additional thanks to
the California State Water Quality Control Board for providing the SWAMP protocol and
assistance with data entry and the Ecoanalysts Inc, for analyzing the benthic macroinvertebrate
data. A final thank you to my advisors Dr. Christopher Surfleet and Dr. Yiwen Chiu for direction
during the school year and advice for improving my project.

v

TABLE OF CONTENTS

Page

LIST OF TABLES

............................................
............................................

viii

LIST OF FIGURES
CHAPTER

1. INTRODUCTION

............................................
........................................
.....................................
.............................
.........................
...................................
...................................
......................................
........................
.................................
...................................
.........................................
.....................................

2. LITERATURE REVIEW

2.1 Biological Assessments

x

1
2
3

2.1.1 Benthic Macroinvertebrates (BMI)

3

2.1.2 California Stream Condition Index (CSCI)

4

2.1.3 Bioassessment Costs

6

2.2 Physical Habitat Evaluations

6

2.3 Chemical Constituents

8

2.3.1 Dissolved Oxygen and Oxygen Saturation

8

2.3.2 Conductivity and Salinity

10

2.3.3 Water Temperature

10

2.3.4 Turbidity

11

2.3.5 pH and alkalinity

11

2.4 Successful Uses of Bioassessments, Physical Habitat Assessments, and

.....................................
......................
...........................................
..............................................
...........................................
.........
.................................
......................................

Chemical Quality Testing

11

2.5 Current Stream Health in San Luis Obispo County

13

2.6 Conclusion

14

3. METHODS

14

3.1 Study Area

14

3.2 Protocol for Measurement of Physical, Chemical, and Biological Conditions

18

3.2.1 Pre-sampling Conditions

19

3.2.2 Site Selection

19

vi

.....................................
...................................
...............................
....................................
..............................
.....................................
..................................
........................
.....................
...........
........................
..........................................
...............................................
.....................................
........................................
.................................
.................................
.........................................
..................................
.............................................
...................................
.........................................
.........................
......................................
............................................
............................................
..............................................
..............................................

3.2.3 Sampling Frame

20

3.2.4 Equipment Inventory

20

3.3 Field Data Collection Preparation

21

3.3.1 Set-up of the Class

21

3.3.2 Trainings and Data Collection

22

3.4 Gathering Stream Data

22

3.4.1 Delineating the Reach

23

3.4.2 Recording Water Quality Measurements

24

3.4.3 Collecting Benthic Macroinvertebrate Samples

26

3.4.4 Processing and Shipping the Benthic Macroinvertebrate Samples

27

3.4.5 Collecting Physical Habitat (PHAB) Data

28

3.5 Data Analysis
4. RESULTS

35
36

4.1 Reach documentation

36

4.1.1 Streamflow

36

4.1.2 Ambient Water Quality

36

4.1.3 Notable Field Conditions

37

4.2 Physical Habitat

37

4.3 Benthic Macroinvertebrates

40

5. DISCUSSION

45

5.1 Differences between sites

45

5.2 Physical Habitat

46

5.3 CSCI Scores and Benthic Macroinvertebrates

47

5.4 Class Improvements

49

6. CONCLUSION

50

BIBLIOGRAPHY

51

APPENDIX A

55

APPENDIX B

58

vii

LIST OF TABLES

Table
1.

Page

Table 2.1 The acceptable ranges of specific dissolved oxygen levels for survival of various species
and waters (Source: Clean Water Team, 2004). ............................................................................ …...…9

2.

Table 2.2 A list of primary species, invasive species, and special status species for the San Luis
Obispo Creek watershed (Source: Coastal San Luis RCD, 2014) ............................................…...…16

3.

Table 3.1 Weekly schedule for collection bioassessment data. In the schedule BMI / WQ stands
for BMI and water quality data collection, PHAB stands for physical habitat data collection ...…...…21

4.

Table 3.2 The ambient water quality measurements that were recorded, the specific instruments
used, and the procedures needed for each instrument. ..................................................................…...25

5.

Table 3.3 The coding system based on substrate size and description (Source: Ode et al., 2016) .. 30

6.

Table 3.4 Instream habitat components and descriptions (Source: Ode et al., 2016) ..............…...…33

7.

Table 3.5 Flow habitat types and description .................................................................................…...…35

8.

Table 4.1 Final, average streamflows for the five sites in cubic feet per second ..............................…36

9.

Table 4.2 The ambient water quality measurements taken around 1 pm over the time of April 8thMay4th at the five selected sites throughout the city of San Luis Obispo ..........................................…37

10. Table 4.3 Notable Field Conditions collected at the end of each site collection where answers were
‘yes,’ ‘no,’ and various land use options.. ...............................................................................................…37
11. Table 4.4 A summary table of substrate collections, canopy cover, and flow habitats. ...................…38
12. Table 4.5 The riparian vegetation averages with the range of values in parentheses for each site
based on the 11 transect values evaluations for vegetation class......................................................…39
13. Table 4.6 The average instream habitat complexity for the channel per site. The range of
observations is in parentheses................................................................................................................…39
14. Table 4.7 The average bank stability of each the right and left stream banks measured between
the wetted width and bank full channel. The range of bank stability observations is in
parentheses...............................................................................................................................................…40
15. Table 4.8 Additional habitat characterization for the stream length given as the score and status. ... 40
viii

16. Table 4.9 The ambient water quality measurements taken around 1 pm over the time of April 8thMay 4th at the five selected sites throughout the city of San Luis Obispo.. ............................................ 41
17. Table 4.10 The CSCI results and statuses for the 5 sites and MBNEP.. .............................................. 44
18. Table B.1 The streamflow measurements for Highland Drive. The total streamflow is 0.66 (cfs) ..…58
19. Table B.2 The streamflow measurements for Nipomo Street. The total streamflow is 0.90 (cfs)...…58
20. Table B.3 The streamflow measurements for Old 101. The total streamflow is 0.30 (cfs). .............…59
21. Table B.4 The streamflow measurements for Stenner Creek Road. The total streamflow is 0.73
(cfs).............................................................................................................................................................…60
22. Table B.5 The streamflow measurements for San Luis Obispo High School. The total streamflow
is 0.14 (cfs). ...............................................................................................................................................…61
23. Table B.6 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Highland Drive.................................................................................................…64
24. Table B.7 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Nipomo Street. ................................................................................................…65
25. Table B.8 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Old 101.............................................................................................................…65
26. Table B.9 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Stenner Creek Road.. ....................................................................................…66
27. Table B.10 The canopy cover measurements taken at each transect and the total percent cover
from the points found at San Luis Obispo High School... ....................................................................…66
28. Table B.11 The flow habitats between transects for Highland Drive...........................................…...…67
29. Table B.12 The flow habitats between transects for the Nipomo Street site... ...........................…...…67
30. Table B.13 The flow habitats between transects for the Old 101 site. ........................................…...…68
31. Table B.14 The flow habitats between transects for the Stenner Creek Road site.. .................…...…68
32. Table B.15 The flow habitats between transects for the San Luis Obispo High School site. ...…...…69

ix

LIST OF FIGURES

Figure
1.

Page

Figure 3.1 The five selected sites for data collection with three along Stenner Creek and two along
the San Luis Obispo Creek in San Luis Obispo, California. .. ............................................................…18

2.

Figure 3.2 Recommended workflow for performing a stream assessment, however the fourth box
of collecting algae can be ignored since algae will not be collected. Algae will be observed through
the protocol, but as part of the PHAB portion and not collected (Source: Ode et al., 2016). ...........…23

3.

Figure 3.3 Reach layout of transects A-K with inter-transect and flow direction. As seen in the
figure, A is the most downstream point and the first transect to begin measurements (Source: Ode
et al., 2016). ...............................................................................................................................................…24

4.

Figure 3.4 Sampling collection for BMIs (represented by blue squares) and duplicate samples
(represented by the dashed lines) for each assemblage. (Source: Ode et al., 2016)...................... …26

5.

Figure 3.5 Cross sectional diagram to display the wetted and bankfull widths as well as bank
stability. (Source: Ode et al., 2016).........................................................................................................…29

6.

Figure 3.6 The dimensions of substrate to properly measure and identify the kind of substrate.
(Source: Ode et al., 2016). ......................................................................................................................…31

7.

Figure 3.7 Estimations for cobble embeddedness in streams. (Source: Ode et al., 2016). ............…31

8.

Figure 3.8 A stream diagram showing the extent of the riparian habitat and flow habitat proportion
measurements. (Source: Ode et al., 2016) ...........................................................................................…32

9.

Figure 3.9 A visualization to decide and regulate the estimates of vegetation cover for the riparian
area and canopy cover. (Source: Ode et al., 2016). ............................................................................…33

10. Figure 3.10 An example of the tape on a modified densiometer as well as a bubble level to
determine when the device is properly reading. In the example b, 9 squares of the 17 are
considered covered. Four locations will be used to collect densiometer readings from the center of
the transects: facing upstream, downstream, facing the left bank, and the right bank. (Source: Ode
et al., 2016) ................................................................................................................................................…34
11. Figure 4.1 The slope bearings for the five streams in meters... ..........................................................…38
x

12. Figure 4.2 The CSCI scores for each site received from Moss Landing Marine Labs... .................…42
13. Figure 4.3 The CSCI scores for the five selected sites among Stenner Creek and San Luis Obispo
Creek in San Luis Obispo, CA. ...............................................................................................................…43
14. Figure 4.4 A comparison of CSCI status results between the MBNEP and 5 sites collected.........…45
15. Figure B.1 The percentage of substrate class sizes at Highland Drive..............................................…62
16. Figure B.2 The percentage of substrate class sizes at Nipomo Street ..............................................…62
17. Figure B.3 The percentage of substrate class sizes at Old 101.. .......................................................…63
18. Figure B.4 The percentage of substrate class sizes at Stenner Creek Rd........................................…63
19. Figure B.5 The percentage of substrate class sizes at San Luis Obispo High School.. ..................…64

xi

Chapter 1
INTRODUCTION
Streams have an essential role in maintaining ecosystem health by providing habitats for
wildlife, recycling nutrients, providing fresh water for drinking purposes, and recreational uses.
Stream water quality is an ongoing issue as urbanization (Carlisle et al., 2008) and
industrialization modify stream paths and local environments (Hu et al., 2019). These stream
alterations can lead to several consequences such as flooding from altered bed widths, aquatic
habitat destruction, and unlivable conditions for aquatic life through increased stream water
temperatures or lack of dissolved oxygen from algal blooms caused by nutrient pollution. As
streams continue to be polluted, monitoring streams for water quality is becoming a global
phenomenon when making policies and undergoing land management (Karr, 1999).
A series of stream testing protocols exist such as chemical testing, physical habitat
identification, and benthic macroinvertebrate (BMI) classification. Benthic macroinvertebrate
testing can be an indicator for stream health since the presence of specific genus and family
groups can hint at how the stream is being impacted by certain stressors (Bailey et al., 2001).
Taxa richness, benthic indices, community diversity, and genus richness are primary
measurements of benthic invertebrate properties (Chiu et al., 2018). Such impacts to consider in
water quality are those of agricultural nutrients, urban pollution, brine from treatment facilities, and
sedimentation from barren lands (Bruns, 2005). When water quality is negatively impacted,
sensitive species of fish and macroinvertebrates cannot survive until the stream is improved.
Bioassessments for benthic macroinvertebrates, chemical testing, and physical habitat
observations have been used widely to determine the water quality of streams. For example,
Washington state used 346 sites to create a statewide stream macroinvertebrate bioassessment
to understand how certain human activities degraded stream water quality (Larson et al., 2019).
Bioassessments, using stream benthic macroinvertebrates, have been used around the world.
Examples include: Central Spain (Camargo, 2017), Taiwan (Chiu et al. 2018), Korea (Jun et al.,
2012), and Portugal (Oliveira & Cortes, 2005). A local program, the Morro Bay National Estuary
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Program (MBNEP), also utilizes bioassessments as a part of their annual water quality monitoring
reports.
The goal of this project was to establish an annual monitoring program to evaluate
stream water quality conditions using chemical constituents, physical habitat, and BMI in San Luis
Obispo Creek. One objective to achieve this goal was to utilize the Surface Water Ambient
Monitoring Program (SWAMP) through the California State Water Resources Control Board when
collecting data at the selected sites. Another objective was using the California Stream Condition
Index (CSCI) as the standardized index for classifying BMI and water quality conditions. A brief
discussion on the survivability for steelhead trout, an endangered species local to the San Luis
Obispo Creek watersheds, was also included in this report. A comparison between this project’s
results and the Morro Bay National Estuary Program’s 2021 and long-term average (1994-2021)
was discussed in order to create a holistic view of stream water quality conditions in the county of
San Luis Obispo.
Chapter 2
LITERATURE REVIEW
In order to understand the importance of bioassessments for determining stream health,
benthic macroinvertebrates are defined and explained when indicating stressors in streams. The
types of macroinvertebrates, river continuum concept, and indices to measure
macroinvertebrates are explained. However, the bioassessment is only one part of a multi stream
quality testing protocol with the addition of physical habitat and chemical constituents testing. The
factors that are tested for physical habitat include large woody debris, pebble count, and canopy
cover. The constituents that are tested to evaluate chemical quality are turbidity, dissolved
oxygen, conductivity, temperature, salinity, and pH. The methods behind defining
macroinvertebrate indices and how they were successful in other streams are discussed.
Nonetheless, creating a stream survey for collecting macroinvertebrates and other stream
measurements can be difficult and has multiple barriers in achieving thorough results.

2

2.1 Biological Assessments
2.1.1

Benthic Macroinvertebrates (BMI)
Biological monitoring is a specific view on monitoring river health. A typical indicator for

biological monitoring may be fish, crustaceans, or invertebrates. Based on the funding, criteria of
the monitoring, and location, an organism class or order will be selected to serve monitoring
purposes. For the purpose of freshwater, wadable streams, benthic macroinvertebrates are
typically chosen due to their visibility to the human eye, ease of capture/ accessibility, quick
reproduction rates, often live for more than a year and, unlike fish, have limited mobility. Aquatic
organisms that migrate to other sources of water are difficult to use as indicators of poor water
quality since their poor health could come from various sources. Therefore, any ailment that is
found among the BMI communities will be prevalent and local to the stream (Utah State
University, 2020).
Functional feeding groups classify benthic macroinvertebrates through behavior and food
requirements rather than through taxonomic group alone. Individuals would be characterized by
how they obtain versus simply what they are eating to separate a small portion of species out of
the hundreds of taxa. This method skips whether the benthic macroinvertebrate is an omnivore or
carnivore and instead gets into details such as particulate organic matter consumption which
requires differing adaptations. This leads to major groups such as scrapers, collectors, filterers,
predators, and shredders. Scrapers consume algae, collectors collect fine particulate organic
matter from the bottoms of streams, filterers collect fine particulate matter from various water
levels, predators feed on other consumers, and shredders consume leaf litter and coarse
particulate organic matter. These groupings as well as specific benthic macroinvertebrates are
used for establishing benthic macroinvertebrate compositions alongside specific taxa and species
(West Virginia Department of Environmental Protection, 2020). The family level identification was
for multivariate analyses while the species identification would be used as the indicator taxa for
the context of the study. An additional list was made for insects that can be used to indicate what
environmental stressors are likely impacting the stream. Genus or species level taxonomy is
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appropriate for identifying stressors, especially along environmental gradients where
physiological adaptations may occur, which would occur at the genus level (Growns et al., 1997).
2.1.2

California Stream Condition Index
Multimetric biological indices are helpful in standardizing steam health conditions. Indices

are decided based on stream classification, sampling protocols achievable by the study, and
analytical procedures. The California Stream Condition Index (CSCI) is used to score the
biological features, specifically for benthic macroinvertebrates, to indicate overall stream health.
The CSCI score indicates the stream health to what degree the stream condition deviates relative
to regional reference streams. The CSCI score can imply multiple stressors over a temporal and
spatial scale to understand how to improve stream health. In order to calculate the CSCI, the
expected conditions versus observed conditions are compared. Statistical models and analysis
provide the expected values. The location of the testing site, climate, geology, watershed
characteristics, and other factors go into predicting the expected composition of the
macroinvertebrates for that stream. Then. Sampling tests are run to find the actual composition
which is then divided by the expected. Components of the CSCI include taxonomic completeness
of species, number of species, number shredders, percentage of clingers, percentage of
Coleoptera, percentage of intolerant, and percentage of Ephemeroptera, Plecoptera, and
Trichoptera. The CSCI score is a diverse tool since it can be used at most scales whether at
specific sites, watersheds, or regions to evaluate stream health and identify human disturbances.
This makes the CSCI a good tool for monitoring and evaluating restoration projects. An
alternative for measuring the biological features is using Indices of Biotic Integrity (IBI). IBIs could
not be evaluated at varied landscape scales, rather they were site specific and required regions
to create their own IBIs. Therefore, to provide comparable values across states and have
consistent thresholds, the CSCI should be used for California projects (California State
Waterboards, 2015).
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The River Continuum Concept creates an outline to describe the physical and biological
processes connected to a stream as it progresses from the headwaters to its outlet. Relationships
between streams and functional zones, vegetation, and macroinvertebrates can be explored. The
three functional zones are the production, transport, and deposition zones, which are decided
based on location and channel characteristics. Each zone suggests different proportions of the
four macroinvertebrate types of grazer, predator, collector, and shredder. The concept relies on
the amount of light, vegetation, and organic matter available among a stream. The River
Continuum Concept can be used to measure stream health, yet it does not consider stream
disturbances, so the concept is not universally used. Plus, the concept is specifically used for
perennial streams (Zaimes & Emanuel, 2006). Biological factors and river dynamics are affected
by physical features and gradients. The River Continuum Concept is utilized to understand the
energy input, organic matter transport, and water storage patterns of a stream. Equilibrium of
river morphology and hydraulics is due to better understanding of energy utilization. From the
headwaters to downstream, there is a continuous gradient of width, depth, velocity, flow volume,
temperature, and entropy gain (Vannote et al., 1980).
Headwater streams are strongly influenced by riparian vegetation and shading. When
stream size increases, riparian vegetation becomes less important. There is a proposed
relationship between stream size and functional communities such as more shredders in the midsection of streams. This is due to a higher ratio of primary productivity to respiration. The ratio will
be lower in higher order streams due to the increased depths and turbidity of the streams.
Therefore, there is a change in invertebrate (insects) and vertebrate (fish) communities down the
continuum. Collectors, shredders, grazers, and predators are at the upper reaches of the stream,
collectors, grazers, predators, and shredders in the middle, and collectors and predators at the
bottom reaches. There is a proposed dominance of shredders following shifts in primary
productivity such as being codominant with collectors in headwaters. Predators shift very little
through stream order (Vannote et al., 1980).
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2.1.3

Bioassessment Costs
A significant problem with long term monitoring through bioassessments includes the

funding for lab work and equipment. Some programs used permanent stations for consistent and
constant monitoring. However, setting up these stations takes time, effort, and funding.
Additionally, even if a station is not set up, a series of equipment is needed. Nets are needed for
capturing the benthic macroinvertebrates, vials and solutions for preserving the
macroinvertebrates as they are transported to the lab are needed, and general stream channel
measurements are needed to get a good study of the area which includes measuring tapes, rods,
clinometers, and more (Ode et al., 2016). A large source of needed funding is for running the
taxonomy analysis. The benthic macroinvertebrates must be sorted, counted, and identified by
certified taxonomists to get accurate data for taxonomic richness. Using local or state labs can
take time as well as costs for the work and providing the written report. Pictures can also be taken
of the samples, although this is an additional cost.
2.2 Physical Habitat Evaluations
A series of measurements should be taken to understand the streamflow, stream
channel, stability, and surrounding environment. The bank and streambed of the river can be
measured by parameters such as bank stability, erosion hazards, slopes, widths, depths, and
streamflow of the channel to understand the type and condition of the stream channel
morphology. These features are important in understanding what kind of disturbances may be
occurring and the relative resiliency of the stream channel toward those disturbances.
Flow velocities are important for predicting where macroinvertebrates reside in a stream,
how fast water can transport constituents, and whether fish or other aquatic life could swim in the
stream (Yates & Bailey, 2010). Additional indicators of habitats are pool and riffle ratios. Pools
allow for more stagnant conditions, while riffles will involve more turbulent waters. Some studies
focused on evaluating these ratios, although the protocol selected for this project utilizes
additional flow habitats such as runs, glides, rapids, cascades, and dry sections (Ode et al.,
2016).
6

Large woody debris (LWD) and vegetation can impact the type of flow habitat by
providing bank stability in the floodplain and creating pools (Heino & Muotka, 2004). Large woody
debris refers to any type of logs, tree parts, and roots that are within the stream above a threshold
size. Most LWD is from direct inputs of riparian vegetation or transport of LWD from upstream
during high flow events. Additional ways that LWD is introduced is through avalanches and
landslides. LWD influences the channel stability, sediment storage, and streambed roughness of
streams. LWD can control channel hydraulics which alters spatial pattern of deposition. Wood
input is generally episodic rather than constant which allows for predictions to be difficult to be
concluded. However, scientists know that LWD undergoes exponential decay once introduced to
the stream. Therefore, the decaying process is not constant from the initial size, but rather
proportional to the current size of the LWD. For example, after 10 years of LWD entering the
channel, about half of the original LWD could exist, but after 50 years, less than 80% of the
original LWD could exist (Naiman et al., 2000).
Another factor measured during stream evaluations are substrate composition through
quantification of the particle size distribution. One method to determine the particle size of the
streambed is through pebble counts where randomly selected particles are measured then the
distribution of the size classes is graphed. (Vidon & Hill, 2004). Understanding the fineness or
coarseness of the streambed is important in understanding sediment transport as well as viable
locations for fish to swim and lay their eggs.
The vegetation on the floodplain of streams is an important section of riparian vegetation.
Temperature and precipitation limit the distribution of plants which can lead to microclimates
along the channel. For example, the distance from the channel and the height of vegetation can
affect riparian areas. However, vegetation can also impact the temperature of streams. Through
canopy cover, more shade would be produced which would lower the temperatures of streams
compared to segments in full sunlight. Rivers serve as corridors for invasive plants in that more
canopy cover leads to less invasive plants. Disturbance distribution along the riparian area and
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moisture gradients predict species richness and composition of riparian vegetation (Naiman et al.,
2000).
During the physical habitat assessments of the SWAMP bioassessment protocol, there
are some sections that can be subjective to the surveyor. For example, estimating the percentage
of protective vegetative cover can vary from person to another. Therefore, effort must be made to
remove subjectivity in observations. One possible way would be to make photo references or
guides of the different levels of observations for surveyors to compare to field conditions. This
would provide the surveyors a reference to compare to and have some form of a standard among
various people and places.
2.3 Chemical Constituents
The chemical attribute that are tested in California’s bioassessment protocol are:
dissolved oxygen and oxygen saturation percent, conductivity, water temperature, turbidity, pH,
alkalinity, total dissolved solids, and salinity. These attributes are reviewed below.
2.3.1

Dissolved Oxygen and Oxygen Saturation
Dissolved oxygen matters since aquatic wildlife cannot separate oxygen from water or

other compounds. (Lenntech, 2018). Therefore, since oxygen is an essential element to living
organisms, dissolved oxygen into the water either by aeration of winds, photosynthesis from
aquatic plants, or byproducts of phytoplankton is important for aquatic organisms’ survival
(Lenntech, 2018). Dissolved oxygen is based on the ratio of concentration of oxygen that can
dissolve into the volume of water. Temperature, salinity, and altitude can impact this
concentration with colder, less saline, and lower altitude waters being able to contain more
dissolved oxygen (Wilson, 2010). Algae can also impact dissolved oxygen concentrations since
algae can block out oxygen from reaching the water and prevent the mixing of compounds.
Additionally, when algae die, bacteria consumes the decaying algae and biologically available
oxygen (Wilson, 2010). The California State Water Resources Control Board has determined that
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dissolved oxygen levels in streams that support “warm water fishes” should not fall below 5-6
mg/L (Clean Water Team, 2004). A table for understanding dissolved oxygen ranges is given.
Table 2.1 The acceptable ranges of specific dissolved oxygen levels for survival of various
species and waters. (Source: Clean Water Team, 2004).

Oxygen saturation considers these factors when determining the streams value of 100%
oxygen saturation. Oxygen saturation is measured in percentages and reveals how much oxygen
dissolved into the water based on the determined carrying capacity of the stream. Higher
percentages are the goal with some California Regional Water Boards setting oxygen saturation
minimum objectives. For example, oxygen saturation cannot fall below 80% (Clean Water Team,
2004).
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2.3.2

Conductivity and Salinity
Conductivity is the ability of water to pass an electrical current (Arman et al., 2019). To

measure conductivity, the ions of inorganic dissolved solids, which may have a negative or
positive charge, are evaluated. Ions with a negative charge (anions) may include chloride,
nitrates, sulfates, and phosphate while ions with a positive charge (cations) may include sodium,
calcium, iron, magnesium, aluminum (US EPA, 2012). Conductivity is impacted by the geology of
the stream such as the type of bedrock of the stream since soils with higher clay particles allow
for ionizing of materials in the water and tend to have higher conductivity levels (DataStream
Initiative, 2021). Temperature can also impact conductivity with warmer waters indicating high
conductivity levels (US EPA, 2012). Although a healthy range of conductivity varies by region, a
general rule of rivers is to have maximum conductivity value of 1000 uS/cm since sensitive
aquatic species may struggle to survive at higher levels (DataStream Initiative, 2021).
Salinity is the number of dissolved salts in the water. Although differing species and
locations require differing levels of salt content, freshwater streams have a salt value of >0.05 ptt
and saltwater is between 34-36 ptt. Understanding salinity is important since many freshwater
organisms are known to be intolerant to salinity levels of greater than 1 ppt (Atlas Scientific,
2021). Climate and precipitation seasonally impact salts in streams due to the lack of salt
movement if precipitation rates are lower or evapotranspiration rates are higher than normal
(DataStream Initiative, 2021).
2.3.3

Water Temperature
Temperature, both for the air and water, was measured. Temperature can affect aquatic

wildlife since species have a preferable range of temperatures and typically a threshold that
cannot be exceeded before mortalities begin. Temperature can be altered with vegetation cover,
since the shading of overhanging vegetation can maintain the stream microclimates (Arman et al.,
2019).
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2.3.4

Turbidity
Turbidity is the murkiness of water. Therefore, turbidity is the ratio of water to suspended

particles that allow for light passage. Suspended particles would include soil (sand, silt, and clay),
as well as plankton, microbes, and algae (US EPA, 2012). Turbidity can lead to color changes
such as brown or green. Darker colors can in turn impact temperatures by capturing more heat
which can further reduce dissolved oxygen levels. Other problems to turbidity include clogged fish
gills (US EPA, 2012).
2.3.5

pH and alkalinity
The pH measures how basic or acidic the water is. A higher number means that the

water is basic (8-14), while a lower number (1-6) means the water is acidic, with 7 being the
neutral value. Most water of healthy stream conditions should be in the neutral range. pH is
important in determining how many nutrients and chemicals are available for aquatic life since
different compounds can exist in differing pH levels (Arman et al., 2019). The alkalinity of the
water must also be tested. Alkalinity measures the hydroxide, carbonate, and bicarbonate ions in
the water through chemical reactions to the sampled water (Palintest, 2022). Alkalinity is
important since it is the measurement of the water’s ability to undergo changes to the pH levels.
Therefore, to guarantee a stable pH, or understand how pH may vary, alkalinity is helpful.
2.4 Successful Uses of Bioassessments, Physical Habitat Assessments, and Chemical
Quality Testing
Data of the physical, chemical, and biological conditions of the Duraton River in Central
Spain from the summer of 1987 and 2014 was compared (Camargo, 2017). Components such as
dissolved oxygen were different from the past to present data. Likewise, a reduction in fluoride
occurred, showing the importance of the temporal scale. These changes reflected the changes in
benthic macroinvertebrate assemblages such as changes in total density, total biomass, family
richness, and EPT richness. Sensitive benthic invertebrate species were used to test various
mitigation measures to understand which disturbances prevented the communities from
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recovering. Scrapers, a type of macroinvertebrate, were found as the functional feeding group
and showed good structure. Sampling sites were decided by human disturbance levels and
picking a variety of intensities. Overall, turbidity levels, sedimentation of banks, and the negatively
impacted benthic communities downstream of industrial sites proved that mitigation measures
were needed for reaching a desirable water quality (Camargo, 2017).
In northern Portugal, assessing physical habitat was determined necessary in the index
for stream quality and spatial scales. Their stream quality index considered 86 environmental
variables associated with human activities, geomorphological features, and varying scales of
analysis. Benthic invertebrates were sampled at each site to observe changes in assemblages
based on catchment zone. Multivariate analyses techniques were used to understand how
physical and biological data can affect one another. After running the statistical procedures, ten
variables at the local scale were best at identifying changes. A scoring criterion was set for the
reference sites and stressed sites. Riparian corridors and buffers were found to be essential for
removing pollutants and keeping streamflow healthy (Oliveira & Cortes, 2005).
In Korea, the watershed, chemical quality, and physical conditions were considered in
labeling the streams’ overall quality. Eight considerations of the macroinvertebrates were
identified such as number of each taxon, percent taxa without Chironomidae, percent taxa EPT,
and ratio of filterers and scrapers. Then, a scoring system was used based on the criteria to
establish the extent of the anthropogenic activities. The sections of streams were labeled as
excellent, good, fair, and poor. This is different from past articles that have just used three
classes of identification. However, a validation process to ensure accurate analyses was held to
verify the classes and streams. The goal of this paper was to form a long-term restoration plan
and to better understand stream quality. This article showed the importance of defining value
classes for quality and verifying the importance of bioassessments when creating a long-term
stream monitoring plan (Jun et al. 2012).
In Taiwan, the importance of the temporal scale on water quality was explored. Since
temporal scale and human impacts are both stressors for water quality, it is difficult to distinguish
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the impacts of each specific stressor. Therefore, anthropogenic stressors, specifically small
dams, were studied to understand the impact on stream benthic macroinvertebrates. Taxon
richness, Shannon diversity index, and abundance of BMI in the Trichoptera order were tested to
evaluate macroinvertebrate assemblage. With the removal of the dam, there was initially a
decrease in metrics possibly due to the mass sediment transport released after the dam was
removed. However, taxa richness and EPT percentages recovered for larger systems that were
exposed to previous disturbances such as a transition of land use near the floodplains. EPT
stands for Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies) which
are three sensitive groups to various stream stressors. Overall, small dam removals do seem to
have an impact on BMI, but maintained streams can eventually improve over time, especially if
there is prior substrate management or system surveys to prevent an initial decline in diversity
after removal (Chiu et al., 2018).
For Washington state, 346 sites were sampled to determine the macroinvertebrate
sampling program. The streams were labeled as good, fair, or poor quality based on the
macroinvertebrate composition referenced in the Benthic Index of Biological Integrity. Chemical
and physical habitat observations were made to understand how macroinvertebrates may be
negatively impacted. The study found that improving the physical habitat such as removing sandy
soils improved the overall quality of the stream. About two thirds of the sites were found to be of
poor stream quality as indicated by the EPA which shows the necessity for using bioassessments
toward monitoring plans (Larson et al., 2019).
2.5 Current Stream Health in San Luis Obispo County
Although there is no long term bioassessment monitoring framework for the San Luis
Obispo watershed, the Morro Bay National Estuary Program (or Estuary Program) has collected
bioassessment data in the Morro Bay watershed for nearly two decades. This information has
been of value to the Estuary Program and its partners in order to assess stream health in Chorro
and Los Osos Creeks and their surrounding tributaries. The Estuary Program’s long-running
dataset also provides some context to understand results from the San Luis Obispo watershed,
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as it is a neighboring watershed to the west. The Estuary Program has analyzed bioassessment
data through memos and reports, including an annual Benthic Macroinvertebrate Data Summary
Memo as well as an annual Sediment Report. The Estuary Program’s bioassessment data is
available through the California Environmental Data Exchange Network (CEDEN).
2.6 Conclusion
Past studies and current organizations show that bioassessments of benthic
macroinvertebrates can be successful in determining stream health. Other considerations such as
physical habitat and chemical quality are also included in determining stream health yet
determining the best way to assess the biological factors can be difficult. The CSCI score does
not include the physical habitat or chemical quality results, meaning that all three assessments
must be utilized separately. However, scores from each assessment of the stream are important
in understanding how human disturbances are impacting the ecology and health of the stream.
Selecting the sites, getting funding for equipment and lab work, and creating reproducible results
can be difficult. Nonetheless, understanding the composition and conditions of
macroinvertebrates is a great tool in improving and understanding stream health.
Chapter 3
METHODS
3.1 Study Area
The San Luis Obispo Creek and Stenner’s Creek flow in the San Luis Obispo Creek
Watershed which is a coastal basin in the southern region of the county (Coastal San Luis RCD,
2014). The watershed is about 21,600 ha (53,300 acres) and flows into the Pacific Ocean.
Besides Stenner Creek, the six other main tributary basins of San Luis Obispo Creek are
Reservoir Canyon, Prefumo Creek, Laguna Lake, East Fork San Luis Obispo Creek, Davenport
Creek, and San Miguelito Creek that comes out of See Canyon. The maximum elevation above
sea level is 760 m (2,500 ft) (Coastal San Luis RCD, 2014).
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The climate of the county gets around 15-20 inches of mean annual rainfall (ClimateData, 2022). Mean temperatures for the summer season range from 55-77 ⁰F while winter
seasons are slightly colder with mean temperatures of 43-61 ⁰F (Weather US, 2022). San Luis
Obispo Creek watershed has a Mediterranean climate which is characterized by drier summers
and cool, wet winters. The warmer months are June to October and the cooler months are
November to February. Cloud coverage also varies by seasons. From March to December, the
sky is mostly clear with the sky being clear more than 90% of the day. Alternatively, the cloudier
months are December to March in which the sky is overcast about half of the day (Weather
Spark, 2022). Humidity is around 50-70% with humidity higher during the winter and spring
months (Weather US, 2022). Wind speeds vary based on topography, although the months of
November to June experience higher winds at rates of 9.2 miles per hour. During the less windy
months, the average wind is 7.1 miles per hour (Weather Spark, 2022).
The geology of Stenner Creek consists mostly of steep pre-Quaternary and noninfiltrative headwaters. The valleys have low infiltration from the flat Franciscan rock (Coastal San
Luis RCD, 2014). The San Luis Obispo creek consists of Franciscan headwaters and flat
Quaternary valleys (Coastal San Luis RCD, 2014). The general rock types in the southern San
Luis Obispo County region are made up of volcanic rock and mélanges of serpentine and
greywacke sandstone. Rocks fractured from the Mesozoic age, volcanic deposits from the
Tertiary age, and marine deposits of the Miocene age are found within the area (Coastal San Luis
RCD, 2014).
The current flows of Stenner Creek are not measured. However, a peak flow of 19,800
cfs for the San Luis Obispo Creek was determined in the FEMA Flood Insurance Study (Coastal
San Luis RCD, 2014). There are areas of flood risk including Highway 101, Buckley Road, Marsh
Street, Elks Lane, Cuesta Park, Chorro Street, Santa Rosa Street, and Old Garden Creek by the
San Luis Obispo Creek (Questa Engineering, 2003).
The current land uses among the watershed are agricultural land including ranches and
open space. Urbanization is also a major land use due to the core of the county that is the City of
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San Luis Obispo. Other land uses include California Polytechnic State University, rural residential
uses, a regional airport, a water treatment plant and two wastewater treatment plants (Coastal
San Luis RCD, 2014).
The primary vegetative communities are non-native grasslands, chaparral, coastal scrub,
coastal live oak forest, urban land, and agricultural land (Coastal San Luis RCD, 2014). A list of
commonly present vegetative species, invasive species, and special status species are given.
Special status species for vegetation refers to a mix of federally or state endangered, threatened,
or special concern species. For fauna, special status species are those identified as federally or
state endangered or threatened. Scientific names were gathered from a variety of resources:
native California species (California Native Plant Society), invasive species (Invasive.org, 2018),
special status species (U.S. Fish and Wildlife Service), and commonly present species
(Britannica, Editors of Encyclopedia, 2021).
Table 2.2 A list of primary species, invasive species, and special status species for the San Luis
Obispo Creek watershed. (Source: Coastal San Luis RCD, 2014).
Common Name

Scientific Name

Classification

Vegetation
Willow

Salix spp

-

Oaks

Quercus spp

-

Sycamore

Plantnus racemosa

-

Cottonwood

Populus spp

-

Coyote Bush

Baccharis pilularis

-

Coffee Berry

Frangula californica

-

Toyon

Heteromeles arbutifolia

-

Elderberry

Sambucus spp

-

Giant Reed

Arundo donax

Invasive Species

Cape Ivy

Delairea odorata

Invasive Species

Poison Hemlock

Conium maculatum

Invasive Species

Tree of Heaven

Ailanthus altissima

Invasive Species

Eucalyptus

Eucalyptus spp

Invasive Species

Caster bean

Ricinus communis

Invasive Species

Anise

Pimpinella anisum

Invasive Species

Cocklebur

Xanthium strumarium

Invasive Species

Yellow Star thistle

Centaurea solstitialis

Invasive Species

Milk thistle

Silybum marianum

Invasive Species

Himalayan blackberry

Rubus armeniacus

Invasive Species
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Common Name

Scientific Name

Classification

Kikuyu grass

Pennisetum clandestinum

Invasive Species

Pampas grass

Cortaderia selloana

Invasive Species

English Ivy

Hedera helix

Invasive Species

Adobe Sanicle

Sanicula maritima

Special Status Species

Chorro Creek bog thistle

Cirsium fontinale var. obispoense

Special Status Species

Cuesta Pass checker bloom

Sidalcea hickmanii ssp. anomala

Special Status Species

Morro manzanita

Arctostaphylos morroensis

Special Status Species

Bullfrogs

Lithobates catesbeianus

Invasive Species

Western yellow-billed cuckoo

Coccyzus americanus occidentalis

Special Status Species

California red-legged frog

Rana draytonii

Special Status Species

Vernal pool fairy shrimp

Branchinecta lynchi

Special Status Species

Steelhead trout

Oncorhynchus mykiss

Special Status Species

Fauna

San Luis Obispo Creek provides habitat for O. mykiss. Steelhead in the South-Central
Coastal California DPS (Distinct Population Segment) are listed as a threatened species by the
Endangered Species Act. Steelhead trout spend a portion of their life in freshwater streams.
These fish have important cultural and ecological significance within the San Luis Obispo County
area. Some forms of O. mykiss are called rainbow trout, and others are called steelhead.
Rainbow trout are the resident-form of O. mykiss and do not migrate to the ocean. The
anadromous (or “ocean-going”) form of O. mykiss are called steelhead. Steelhead incubate,
smolt, and migrate through freshwater streams. Smoltification is the process that 17ffice17ds go
through when adapting from living in freshwater to saltwater sources. Steelhead trout need a
temperature of 3-15℃ for incubation, with 16℃ causing significant juvenile and incubation
mortalities. (Richter and Kolmes, 2005). The preferred temperatures during spawning are 3.99.4℃ (Bjornn and Resier,2002). Optimal steelhead trout juvenile growth occurs from 14-15℃ and
can survive temperatures up to 16.5℃. Temperatures between 16.5-22.5℃ generally saw a
decrease in juvenile survival rates until 0 at 22.5℃. The recommended temperature for
smoltification is 13-14℃. During adult migration, temperatures of 21℃ and above often prevented
steelhead trout from entering the stream. Therefore, temperatures should remain below 21℃.
Overall to avoid lethality, temperature should not exceed 19℃. The optimal temperature for
steelhead trout behavior is between 15-17.8℃ (Richter and Kolmes, 2005).
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3.2 Protocol for Measurement of Physical, Chemical, and Biological Conditions
Data collection occurred on San Luis Obispo Creek and Stenner Creek at 5 sites as seen
in Figure 3.1. Sites were decided based on perennial flow, proximity to urban development, and
safety precautions during data collection for data collectors.

Figure 3.1. The five selected sites for data collection with three along Stenner Creek and two
along the San Luis Obispo Creek in San Luis Obispo, California.
The sampling protocol was based on the Surface Water Ambient Monitoring Program,
Standard Operating Protocol (Ode et al., 2016). The protocol outlines in specific details the
length, sampling frequency, and methods to collect data from the stream reaches.
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The Surface Water Ambient Monitoring Program watershed characterization datasheets
for California wadable streams were filled out while collecting data. The forms and procedures for
data collection were specified in the Standard Operating Protocol document that goes with the
SWAMP forms (Ode et al., 2016). Each site warrants a new set of forms. Waterproof paper was
used for the printed form to make sure notes stay legible. Once the form was filled out in the field,
it was inputted into the California State Waterboards SWAMP database. Along with data values,
photos taken at Transect A, Transect F, and Transect K (Figure 3.3) will be submitted. Data was
collected by students from California Polytechnic State University: San Luis Obispo who were
enrolled in the class NR 422: Stream Measurements and Water Quality Monitoring. Trainings
were held for the class to prepare and educate the students on the California State Water Boards
protocol.
3.2.1

Pre-sampling Considerations
Several tasks such as deciding the research sites, gaining permission for sites,

approving permits, ordering equipment, and trainings were needed to be able to collect data for
the sites.
3.2.2

Site Selection
As per the funding of the project, a max of six sites could be analyzed by Ecoanalysts.

Therefore, six sites are a limiting factor for deciding where to collect BMI samples. Another
limiting factor for site selection was getting permission to cross through private land. This first
year of study the city of San Luis Obispo was working on Pathogen TMDL (Total Maximum Daily
Load) studies and did not allow monitoring downtown. The lower sections of San Luis Obispo
Creek were not of interest due to low urban density. Any spots on Stenner and north of downtown
San Luis Obispo Creek were options.
The objective was to have three sites on Stenner Creek and San Luis Obispo Creek
respectively, but five sites were ultimately selected for this study. The sites would be labeled
Upper, Middle, and Lower Stenner Creek as well as Upper, Middle, and Lower San Luis Obispo
Creek. Due to the lack of availability downtown, there was only Upper and Middle San Luis
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Obispo Creek used. Plus, unhoused individuals living along parts of San Luis Obispo Creek
prevent possible data collection sites that are near downtown due to potential danger to data
collectors.
Upper Stenner was adjacent to the Morning Glory trailhead near the train tracks. Middle
Stenner was located on California Polytechnic State University land near the orange grove and
Mustang Village (Figure 3.1). Lower Stenner was downtown along Nipomo and Peach Street near
upstream of the confluence with San Luis Obispo Creek. Upper San Luis Obispo Creek was
along Old Stagecoach Road adjacent to Highway 101. Middle San Luis Obispo was next to the
San Luis Obispo High School off San Luis Drive.
3.2.3

Sampling Frame
There was 10 weeks for data collection, limited by the class duration. Samples were

collected by enrolled students for the class NR 422 with additional help from the Watershed
Stewards Program that work with the City of San Luis Obispo.
3.2.4

Equipment Inventory
The list of equipment needed for collecting the data among the stream reaches is listed.

Additionally, the equipment must be given a unique name and code within the California State
Water Boards database to cross reference with data results. The equipment includes:
•

Compass

•

Wading rods

•

D-frame dip nets

•

Densiometers

•

Measuring tapes

•

Stakes and hatchet

•

Meter sticks

•

Bucket

•

Nalgene bottles
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•

Rubber bands and pantyhose

•

Tweezers

•

Sieves

•

Squirt bottles

•

93% ethanol

•

Auto level

•

Tripod

•

Leveling rods

•

Ambient water quality tools

3.3 Field Data Collection Preparation
The data was collected by California Polytechnic State University students who took the
NR 422: Stream Measurements and Water Quality Monitoring class. Setting up the class,
creating a class manual, creating a Canvas page (the website portal used by the university for
online teaching, posting assignments, recording grades, etc), and providing trainings for the
students were crafted for the most quality data collection process as possible.
3.3.1

Set-up of the Class
From 12-3pm on Fridays of Spring quarter 2022, data collection occurred. A syllabus and

class schedule for data collection was made. The syllabus is attached as Appendix A. For ease of
understanding data collection, the schedule is below:
Table 3.1 Weekly schedule for collection bioassessment data. In the schedule BMI / WQ stands
for BMI and water quality data collection, PHAB stands for physical habitat data collection.
Week

Activity

1 (April 1, 2022)

Classroom training of protocol, hands on with water
quality

2 (April 8, 2022)

BMI / WQ Stenner highland, PHAB Stenner

3 (April 15, 2022)

PHAB Stenner highland, BMI / WQ Stenner

4 (April 22, 2022)

BMI / WQ Upper SLO

5 (April 29, 2022)

PHAB Upper SLO, BMI / WQ Upper Stenner
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Week

Activity

6 (May 6, 2022)

PHAB Upper Stenner

7 (May 13, 2022)

Data entry, analysis

8 (May 20, 2022)

Data entry, analysis

9 (May 27, 2022)

Data entry, analysis

10 (June 3, 2022)

Wrap up

3.3.2

Trainings and Data Collection
Student enrollment did not have any course prerequisites, yet students had to be of junior

standing. Therefore, some students had minimal hydrological or biological knowledge. The first
week was an information day in which the project goal was explained, paperwork was filled out,
and procedures were reviewed. The next two weeks were training days in which equipment use
was described before starting the data collection. The trainings occurred in the field since handson learning is best to understand the procedures.
3.4 Gathering Stream Data
The Standard Operating Procedures (SOP) for bioassessments of wadable streams for
the California State Water Resources Control Board’s Surface Water Ambient Monitoring
Program (SWAMP) (Ode et al., 2016), help support a generic and repeatable system. A wadable
system should be under 1 meter at a minimum of half the reach length. Additionally, the reach
should have a wetted width of at least 0.3 m to hold the nets used for biotic collecting (Ode et al.,
2016). Certain assessments should be taken in an order referenced in Figure 3.2. Algae will not
be collected.
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Figure 3.2 Recommended workflow for performing a stream assessment, however the fourth box
of collecting algae can be ignored since algae will not be collected. Algae will be observed
through the protocol, but as part of the PHAB portion and not collected. (Source: Ode et al.,
2016).
3.4.1

Delineating the Reach
The reach size was 150 m long as per the instruction of the SWAMP protocol. The reach

was then delineated into 11 transects A-K. Using measuring tapes and markers, 150 m with
markers every 15 m were made. Transects A through K were labeled. Mid transects were also
designated. These were at the mid-point of the main 11 transects. Most measurements will be
made using the 11 main transects, but the mid-transects further specialized some features for
data collection.
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Figure 3.3 Reach layout of transects A-K with inter-transect and flow direction. As seen in the
figure, A is the most downstream point and the first transect to begin measurements. (Source:
Ode et al., 2016).
3.4.2

Recording Water Quality Measurements
When selecting where to collect chemical constituents, we did not pick locations where

biotic samples or physical habitat observations were made. A recommended location was by
Transect A, where the GPS coordinates were taken. The following chemistry parameters were
then measured at the site. Flowing water should be used for collecting data rather than pools or
speedy riffles. Turbidity was taken first to capture the ambient condition prior to the disturbance in
stream sediments that occurs when laying out the transects and collecting measurements. The
water quality instruments were calibrated at campus before coming to the field. Descriptions of
measurement procedures is provided in Table 3.2.
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Table 3.2 The ambient water quality measurements that were recorded, the specific instruments
used, and the procedures needed for each instrument.
Water Quality Attribute

Instrument

Procedures

Turbidity (NTU)

Hach 2100P

A vial of stream water was taken, wiped down to remove any

Turbidimeter

fingerprints, and put into a machine to run the sample. The
sensor uses light to shoot through the vial and detect on the
other side to determine suspended particles and turbidity.

Water Temperature

Oakton ECTestr

A probe inserted into the water and recorded once the numbers

(Celsius)

11+ Waterproof

settled. The device must be calibrated before each use with a

Air Temperature

Pocket Tester

saline standard. Then, the cap was cleaned with deionized

(Celsius)

water and filled with stream water. The device was capped with
the water and the three measurements are collected.

Specific Conductivity

Hach Pocket

The tester comes with a provided cup that pops onto the bottom

(uS/cm)

Pro+ Multi1

where the probe is located. First, the cup is rinsed with

Salinity (ppt)

Tester

deionized water. The cup is filled about halfway with stream

Total Dissolved Solids

water. The cup is placed on the probe and readings jump and

(TDS)

up down for about 20 seconds. Once the readings are steady,
the lock button is selected to maintain the values. Holding down
the arrow button, the three measurements can be switched
between and recorded.

Alkalinity (mg/L)

Hach Alkalinity

Alkalinity was collected through a process similar to a titration.

Test Kit, Model

The kit was a, mg/L. A sample of stream water was collected in

AL-AP

a vial in which a standard packet of Phenolphthalein Indicator
Powder was added. If the water turns pink, drops of sulfuric
acid are added until the water becomes colorless and the
number of drops are counted. If the water remains colorless,
you do not add any drops. Once the water was clear (either
after the powder or sulfuric acid was added, a packet
of Bromcresol Green-Methyl Red Indicator Powder was added
and swirled until the water turns a shade of blue or green.
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Sulfuric acid was dropped into the mix until it becomes pink.
The total sum of sulfuric acid is used to determine the alkalinity
level by multiplying the total drops by 17.
pH

Oakton

The probe stick was saturated in neutral deionized water before

pHTestr10

being inserted into the stream.

Dissolved Oxygen

Hach Hq40d

The sensor must be inserted at an angle into the stream

(mg/l)

Portable Multi

to prevent any air from getting trapped in the device since

Probe

the meter is measuring the amount of oxygen flowing in

Saturated Oxygen (%)

the stream.

3.4.3

Collecting Benthic Macroinvertebrate Samples
The BMI samples were collected at alternating locations on each transect. The transects

are broken into left, center, and right portions that proceeds and alternates as one works their
way upstream. Duplicate samples are collected at each transect along adjacent transitions. The
settings can be seen and better visualized with Figure 3.4.

Figure 3.4 Sampling collection for BMIs (represented by blue squares) and duplicate samples
(represented by the dashed lines) for each assemblage. (Source: Ode et al., 2016).
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Starting at Transect A (the most downstream transect), the point 25% of the stream width
from the left bank was identified for the BMI sampling. The D-frame dip net was placed in the
water at the identified point and 1 meter downstream of the target transect. Starting upstream,
large organisms (snails, mussels) were identified and placed into the net. Rocks and embedded
cobbles were rubbed to remove any attached invertebrates. For vegetative portions, the net was
swept through the vegetation for 30 seconds. The net was held in the water until the flow was
clear.
The BMI collections occurred for the 11 main transects with collections varying from 25%
of the wetted width from the left bank to 50% (center) to 75% of the wetted width. Once all BMI
samples from the 11 main transects were collected, the samples were transferred to one or more
500-mL wide mouth sample jars filled about halfway. A label was placed on the inside of the jar
and filled with 93% ethanol. An additional label is filled out again and attached to the outside of
the jar, so that there was an internal and external label with each jar.
3.4.4

Processing and Shipping the Benthic Macroinvertebrate Samples
Once the BMI samples were collected, a process occurred to separate out big rocks and

transferred BMIs into Nalgene bottles that were filled with 93% ethanol. The BMI samples were
collected into a bucket which was a mix of algae, substrate, bugs, sticks, water, and more. Sieves
of various thickness (4,000 um and 500 um sieve) were used to pour out most of the water and
separate the big rocks from the smaller substrate. On the top sieve, decomposed litter such as
leaves or moss were put into the Nalgene bottle since it was difficult to get any bugs that might
have been clinging to tiny bits. Large rocks and sticks were sprayed by squirt bottles to knock off
bugs. Once rocks and sticks were confidently cleaned, they can be returned to the creek. The
remaining, smaller substrate was scraped into the Nalgene bottles. Squirt bottles were used to
put the substrate into the bottles and thoroughly clean the sieves. The Nalgene bottles were filled
about halfway with the collected samples since a Nalgene bottle should not be filled more than
halfway with the samples. Once the samples were completely put into the bottles, the remaining
water was removed. In order to do this, a piece of pantyhose was attached to the Nalgene bottle
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with a rubber band. Water was poured out over the bucket in case any portion of the sample
spilled out when pouring. After the water was removed, the pantyhose was put into the Nalgene
bottle since BMI may have attached themselves to the cloth, and the cloth does not hamper the
lab results. The final step in the processing stage was filling up the Nalgene bottles with 93%
ethanol to the top. These samples were stored in a fridge until shipping.
After the five sites were done, the Nalgene bottles full of BMIs were shipped. To prepare
the bottles for shipping, a waste container, funnel, trash bags, boxes, and shipping tape was
needed. A funnel was used for the waste container which the alcohol was poured into. Again, a
piece of pantyhose and rubber bands were used to secure the sample while pouring the alcohol
out of the bottle. Once the alcohol was removed, the lid was closed and taped shut. Each bottle
was placed into a small trash bag, wrapped, and taped to prevent the leakage of any remaining
alcohol. The bottles were then put into a refrigerator for storage. When the BMI samples from all
five sites were completed, they were shipped to the Ecoanalysts Inc lab via next day shipping.
3.4.5

Collecting Physical Habitat (PHAB) Data
A series of PHAB measurements were collected: slope, wetted width, bankfull

dimensions, substrate, riparian vegetation, habitat complexity, canopy cover, bank stability, and
human influence. Bearings using a handheld compass were found at each transect. Slope was
measured using a tripod and auto level to determine elevation differences from transect to
transect with one reading measured upstream and another downstream. The wetted width at
each transect was measured (m). Islands within the channel were not included in wetted width
length. Bankfull margins were determined for further stream dimensions. Bankfull width and
height (m) were found. Figure 3.5 show an example of wetted width and bankfull dimensions.
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Figure 3.5 Cross sectional diagram to display the wetted and bankfull widths as well as bank
stability. (Source: Ode et al., 2016).
The National Rivers and Stream Assessment (NRSA) protocol, which uses the Wolman
pebble count, was utilized when collecting substrate along five points at each transect. The
survey is meant to be unbiased, so although the five points should be left bank, center left,
center, center right, and right bank, the length along the transect does not need to be exact. The
surveyor used a meter stick and randomly looked to the sky when putting down their stick along
the transect. Whatever substrate was at the bottom of the stick was evaluated. The recorded
information includes the distance from the left bank (m), depth of the substrate (cm), and size
class (mm). If the substrate was a cobble, the cobble embeddedness was estimated. Coarse
Particulate Organic Matter (CPOM), macroalgae attached, macroalgae unattached, and
macrophytes were noted as present absent or dry. A microalgae thickness code was also given
on a scale of 0-5, although a 3 was the highest recorded value for the sites. A 0 indicates no
microalgae was present, a 1 indicates that microalgae was present, but not visible, 2 indicates
that microalgae was present and visible yet <1mm, and 3 indicates a thickness of 1-5 mm. CPOM
includes leaves, twigs, and other organic matter that were >1 mm in size, but not larger than 10
mm (US EPA, 2019). A coding system was used to define the substrates found within the
transect.
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Table 3.3 The coding system based on substrate size and description. (Source: Ode et al., 2016).

The term “wood” (WD) applies to both living and dead woody material. Hardpan (HP) was
consolidated fine sediments that cannot be easily separated. The final column titled, “Other” (OT),
included various items such as tree roots, trash, macrophytes, etc. If there was dry substrate (not
submerged or moist), one determined if the substrate was on an island, or if it was part of the
active channel. If it was on an island, the substrate did not count.
In order to measure the substrate, the B axis or intermediate axis must be measured.
This side of substrate is not the short, nor long side of the rock, but medium length side. If one
struggles to visualize what size to measure, the intermediate axis is the side the rock would move
along the rock floor during high streamflow. A visualization of the intermediate axis was provided
to the students (Figure 3.6).
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Figure 3.6 The dimensions of substrate to properly measure and identify the kind of substrate.
(Source: Ode et al., 2016).
Cobble embeddedness was defined as the percent of the surface area of cobble (with a
size of 64-250 mm) buried by fines or sand particles (<2.0 mm). Every instance in which a cobble
was located, it was removed from the streambed and estimated for percent embedded (Figure
3.7). If the cobble-sized particle cannot be removed, an estimate was made. Embeddedness for
25 cobbles was found. Once 25 were found, no additional cobbles needed to be assessed.

Figure 3.7 Estimations for cobble embeddedness in streams. (Source: Ode et al., 2016).
A survey of the riparian corridor was done in a 10 m by 10 m square out from the wetted
edges of each transect. Figure 3.8 below shows this 10m by 10m square to visualize how a
series of measurements should be made. The instream habitat, riparian habitat, and human
influence parameters use the shaded area.
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Figure 3.8 A stream diagram showing the extent of the riparian habitat and flow habitat proportion
measurements. (Source: Ode et al., 2016).
The riparian area was divided into elevation zones at and above the ground by the
following categories: Ground Cover (<0.5 m), Lower Canopy (0.5-5.0 m), and Upper Canopy
(>5.0 m). Within these zones, the density of the riparian area was recorded in the following
classes. Ground Cover should be woody ground cover, herbaceous ground cover, and barren,
bare soil and duff (artificial banks, concrete, asphalt, etc.). Lower Canopy was woody shrubs and
saplings. Upper Canopy are trees and saplings. One plant may contribute to multiple elevation
zones. These sections were ranked from 0-4 with 0 being “Absent (0%)”, 1 as “Sparse (<10%)”, 2
as “Moderate (10-40%)”, 3 as “Heavy (40-75%)”, and 4 as “Very Heavy (>75%)” (Figure 3.9).
Since this portion was subjective, I was the only individual that decided the description.
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Figure 3.9 A visualization to decide and regulate the estimates of vegetation cover for the riparian
area and canopy cover. (Source: Ode et al., 2016).
A 0-4 ranking was also used for instream habitat complexity which evaluated the
filamentous algae, LWD >0.5 m, LWD <0/5 m, emergent vegetation, boulders, undercut banks,
overhanging vegetation, live tree roots, and artificial structures. Using an area of 5 m upstream
and 5 m downstream, the instream habitat complexity components were based off on the table
descriptions below (Table 3.4).
Table 3.4 Instream habitat components and descriptions. (Source: Ode et al., 2016).
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Using a Strickler modified convex spherical densiometer, stream shading measurements
were found by percent cover that blocks sunlight from reaching the stream. A modified
densiometer tapes off the lower left and right corners of the mirror as indicated below:

Figure 3.10 An example of the tape on a modified densiometer as well as a bubble level to
determine when the device is properly reading. In the example b, 9 squares of the 17 are
considered covered. Four locations will be used to collect densiometer readings from the center
of the transects: facing upstream, downstream, facing the left bank, and the right bank. (Source:
Ode et al., 2016).
A visual assessment was made for bank vulnerability at the transects. The three options
are defined as:
•

Eroded: mass wasting as evidenced by exposed tree roots, bank slumps, fallen trees

•

Vulnerable: Lack of vegetation leading to unprotected banks

•

Stable: Vegetation present, minimal tree roots exposure, bank armoring
The human disturbances were indicated by zone. If the disturbance was in between the

wetted width, then circle “Y.” Otherwise, circle “N” and use the other letters or 0 to indicate it’s
location. The zones were coded on the datasheet as:
•

Channel, where “Y” is yes and “N” is no

•

“B”= On Bank (between wetted edge and bankfull)

•

“C”= Between Bank and 10 m from channel

•

“P”= >10 m but <50 m from the channel

•

“0”= Not Present
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At the midpoints of the 11 main transects, a few additional measurements were made.
The wetted width was measured again as well as substrates size at five locations across the
wetted widths. Flow habitats (Table 3.3) were classified between each transect. Flow habitats
were designated to the nearest 5% and were visually estimated by myself to add up to 100%.
Table 3.5 Flow habitat types and description. (Source: Ode et al., 2016).

3.5 Date Analysis
There will be two main pieces of data analysis: benthic macroinvertebrate analysis and
physical habitat and water quality analysis. EcoAnalysts Inc. provided a final report including all
benthic macroinvertebrate identified. Then, CSCI scores were calculated by the Moss Landing
Marine Laboratory (San Jose State University, 2021).
The second form of analysis will be using the chemical quality measurements and PHAB
observations to evaluate the stream quality. For example, cobble size, cobble embeddedness,
stream channel shape, and chemical bar graphs are some data analysis projects that will be done
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by the class using Excel. These features help better understand the conditions of the stream.
However, using mostly the lab results, a final decision of stream and site health will be
determined and reported to the City of San Luis Obispo. Data from this project will be submitted
to the California State Waterboards and available for public access through CEDEN.
Chapter 4
RESULTS
A full datasheet for the SWAMP protocol is 28 pages due to the 11 main transects and 10
inter-transects that must be surveyed. Therefore, a total of 140 pages of data were produced by
the end of this project. The results are organized by reach documentation (streamflow, chemical
water, field conditions the date of survey), physical habitat, and BMI results. Specific site survey
results can be found in Appendix B of this report, whereas this section consists of average or
median values for each category per site.
4.1 Reach documentation
4.1.1

Streamflow
The streamflow measured at the five sites is shown (Table 4.1).

Table 4.1 Final, average streamflows for the five sites in cubic feet per seconds.
Site

Date Collected

Highland Drive

April 8, 2022

0.66

Nipomo Street

April 15, 2022

0.90

Old 101

April 22, 2022

0.30

Stenner Creek Road

April 29, 2022

0.73

San Luis Obispo High School

May 6, 2022

0.14

4.1.2

Streamflow (cfs)

Ambient Water Quality
Once getting to site, the ambient water measurements are taken two times and averaged

for a final measurement. Taking multiple measurements around the same area provided support
for confirming a reading was accurate. These measurements can serve as a sign of water quality,
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signify what parameters are harming the water quality, and exploring the survivability of sensitive
species like O. mykiss.
Table 4.2 The ambient water quality measurements taken around 1 pm over the time of April 8thMay4th at the five selected sites throughout the city of San Luis Obispo.

4.1.3

Notable Field Conditions
In order to form a better understanding of the collected data, a “notable field conditions”

survey considers recent events and land use to the site (Table 4.1.3). Natural events such as fire
or intense rainfall can lead to results that may be different from a trend, so identifying various
conditions may be important in understanding the data and scores.
Table 4.3 Notable Field Conditions collected at the end of each site collection where answers
were ‘yes,’ ‘no,’ and various land use options.

4.2 Physical Habitat
At each main transect, substrate, cobble embeddedness, canopy cover, slope and
bearing measurements were taken. The median, average, and range of these measurements
were summarized for each creek (Table 4.4), but individual transect measurements for each
stream can be found in Appendix B. The first table below summarizes the median particle size
and class, as well as the most prevalent flow habitat class and the percentage of the reach that
habitat was. Cobble embeddedness and canopy cover were given for the average percentage
and range of values.
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Table 4.4 A summary table of substrate collections, canopy cover, and flow habitats.

The average slope is given in the final column of the previous table, but to better visual
the streams, the slope bearings for each stream were laid out. The slope bearing measurements
are taken from transect K to A, meaning that from 0-150 m (the length of the stream segment) is
from upstream to downstream.

Figure 4.1 The slope bearings for the five streams in meters.
While Table 4.4 was a summary of the objective, collected data, the following tables are
the parameters based on visual estimates (Tables 4.5-4.8). The values were collected at each
main transect either for the left bank, right bank, or inside the channel. Higher numbers refer to
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high percentages of the parameter being present for the length of the stream. For the riparian
vegetation, bank stability, and instream habitat tables, the average and range are given with the
average to a precision of 0.1 and the range given in parentheses. The riparian vegetation and
instream habitat complexity was surveyed from the center of the main transects and viewing an
estimated 5 m upstream, 5 m downstream, and 10 m from the wetted width outwards towards the
floodplain.
Table 4.5 The riparian vegetation averages with the range of values in parentheses for each site
based on the 11 transect evaluations for vegetation class.

Table 4.6 The average instream habitat complexity for the channel per site. The range of
observations is in parentheses.

.
The bank stability was surveyed from the center of the transect and was observed for
present sediment erosion when being defined along the scale of stable, vulnerable, or eroded.
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Table 4.7 The average bank stability of the right and left stream banks measured between the
wetted width and bankfull channel. The range of bank stability observations is in parentheses.

The Environmental Protection Agency (EPA) for the United States used ten visual
descriptions of stream conditions for the first edition in monitoring stream quality (Ode et al.,
2016). This assessment was known as the Rapid Bioassessment Procedure and has since been
revised. The Standard Operating Procedure for the SWAMP protocol does not use these ten
visualizations, instead opting for objective and collectable data. However, three additional habitat
questions meant to be filled out, post-surveying collection, are asked to maintain possible trends
and comparisons to the EPA data. The three evaluations were scored from 1-20 with 20 being
optimal values and 1 being poor quality (Ode et al., 2016).
Table 4.8 Additional habitat characterization for the stream length given as the score and status.

4.3 Benthic Macroinvertebrates
The California Stream Condition Index scores were sent with the other calculated scores
that served as a metric for the final CSCI status. The CSCI scores are the ratio of observed BMI
data and expected BMI data for the site. Some of the metrics used for calculating the CSCI score
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are given below as well as a map of the stream section status. The three stations on Stenner
Creek were rated as “Likely Impacted” while the two stations on the San Luis Obispo Creek
varied greatly with the Old 101 (the upper site) rated as “Very Likely Altered” and the San Luis
Obispo High School (the lower site) rated as “Likely Intact.”
The results were given in taxa richness, percentage of intolerant species, and percentage
of EPT to indicate they water quality for various groups of BMI. Taxa richness is the total number
of diverse bug families, with higher percentages meaning a larger number of diversity is present.
Percentage EPT consist of mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies
(Trichoptera) which have very distinct, robust sets of genuses that handle various stressors.
Therefore, high Percentage EPT indicates higher water quality since the three groups are
sensitive species, and are diverse among less impacted streams. Percentage of intolerant taxa
indicates the portion of BMI present that are intolerant to adverse water quality.
Table 4.9 The ambient water quality measurements taken around 1 pm over the time of April 8thMay4th at the five selected sites throughout the city of San Luis Obispo.
Taxa
Richness

Site

% EPT

% Intolerant

CSCI
Score

Status

Highland Drive

29

27.59

24.27

0.78

Likely Altered

Nipomo Street

19.2

31.68

2.85

0.72

Likely Altered

20

20

19.67

0.51

Very Likely Altered

24.75

31.11

12.62

0.75

Likely Altered

36.65

47.36

17.65

0.93

Likely Intact

Old 101
Stenner Creek Road
San Luis Obispo High
School

The plot chart (Figure 4.2) was provided by the Moss Landing Marine Lab, and displays
how scores are classified by status. For the purposes of making statewide assessments, three
thresholds were established based on the 30th percentile (Likely Intact), 10th percentile (Likely
Altered), and 1st percentile (Very Likely Altered) of CSCI scores at reference sites (Rehn et al.,
2015).
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Figure 4.2 The CSCI scores for each site received from Moss Landing Marine Labs.
To understand the CSCI statues in relation to the stream, each site, and surrounding
conditions, the site map given earlier was updated with the CSCI scores. The sites, watershed,
and streams are labeled with streets and the city limit (Figure 4.3).
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Figure 4.3 The CSCI scores for the five selected sites among Stenner Creek and San Luis
Obispo Creek in San Luis Obispo, CA.
The Morro Bay National Estuary Program had not received their 2022 data at the time
this report was completed, their 2021 data was utilized for a CSCI score comparison. The San
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Luis Obispo and Stenner Creek BMI processing procedure changed after the second site, the
results may not be as reliable when compared to the MBNEP results which have been
distinguished over the years. Nonetheless, a comparison between years was made to display
how the neighboring streams and watershed align (Table 4.10 and Figure 4.4).
Table 4.10 The CSCI results and statuses for the 5 sites and MBNEP.
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Figure 4.4 A comparison of CSCI status results between the MBNEP and 5 sites collected.
Chapter 5
DISCUSSION
5.1 Differences between sites
The sites were sampled over a 5-week time span around the same time of day with
similar weather conditions. There was not a rainfall event between these dates that would
significantly alter the results between site collections. However, BMI site processing changed
after the second site, Nipomo Street, suggesting that the CSCI scores may be inconsistent
among sites. Since this is the first year of data collection, it is difficult to tell if any scores should
be different for the first two sites. Additional equipment misuse such as the Surber net missing the
vial and stick at the end of the net may have led to misrepresentative readings at the first site,
Highland Drive.
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Structures and landscape surrounding the sites were also different. For example, Nipomo
Street and Old 101 had bridges directly below transect A. This allowed for low canopy covers for
transect A as well as streamflow collections to occur much lower than transect A. For Old 101,
Stenner Creek Road, and San Luis Obispo High School, a steep drop of elevation downstream of
transect A also impacted and limited the selections of streamflow. San Luis Obispo High School
was sampled between transect A and B due to a direct drop off at transect A.
5.2 Physical Habitat
The streamflow results were limited by the protocol since streamflow collection should
occur below the designated transects (downstream of Transect A). However, at the San Luis
Obispo High School site, streamflow could not be measured until Transect B due to very curvy,
turbulent waters (due to exposed bedrock) directly below Transect A. Shallow waters and deep
waters hiding rocks also caused some streamflow problems; the flow was being disturbed by
rocks that made the flow go upstream rather than down. For example, at Stenner Creek Road,
Transects A had shallow depths with rocks causing the readings to be negative and upstream,
potentially giving a lower streamflow than majority of the reach. Taking more streamflow
measurements, deploying continuous read pressure transducers, or having more control to pick
the best site among the entire reach could be more helpful for getting more appropriate
streamflows. Additionally, San Luis Obispo County has been in an ongoing drought for years
which has impacted streamflow and should be considered when monitoring streamflow.
Nonetheless, the streamflows found were reasonable for fish passage with streamflow being
present but slow.
The substrate for the stream reaches had a median particle of fine to coarse gravel with
an additional survey for cobbles to get to the 25 needed cobble count as structured by the
California State Waterboards. Substrate is important for understanding the BMI that may be
present, since some BMI like to cling to rocks, twigs, and other CPOM. Sand particles can be a
problem for steelhead trout redds, spawning nests, and BMI, since the eggs or insect larvae could
easily get swept away by the current or smothered. However, large substrate of boulders can also
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be problematic for serving as barriers for flow or migration. Cobbles and gravels are the target
size for redds, as well as providing volume for BMI to colonize.
The flow habitats lack the presence of cascades, and there were very few rapids. A
majority of riffles, pools, runs, and glides were present due to the shallow and low gradient water
that most of the stream sections had, as well as slow velocities as indicated by the streamflow
measurements.
The canopy cover for the streams was never below 50% meaning that shade was
available along the reaches. Canopy cover is essential for temperature control and an indicator of
riparian vegetation influences.
Other factors measured such as woody debris and boulders were evaluated with more
abiotic factors shifting minimally between transects. However, for biotic factors such as algae, live
tree roots, and bankfull vegetation can experience major shifts within one reach (150 m). Hence,
monitoring for habitat and water conditions over multiple locations throughout a reach is
important. Shifts in algae were not concerning in of itself but can eventually impact metrics such
as water temperature and dissolved oxygen levels when left unmonitored. Human influences did
not seem to directly cause problems with bank stability or vegetation shifts in the monitored sites,
although more trash and structures could be found among the lower, more urbanized reaches
surveyed.
5.3 CSCI Scores and Benthic Macroinvertebrates
The CSCI statuses indicated the likelihood of a stream sections being impacted or intact.
However, these statuses were based on one year of monitoring, these results should not be
interpreted as definitive conditions. An equipment malfunction with the net at the Highland Drive
site may lead to inaccurate results, while the processing of the BMI became more reliable for the
last three sites, meaning the BMI processed at Nipomo Street, the second site visited, may also
be slightly inaccurate as well as the BMI at Old 101 due to students learning a new processing
technique. Nonetheless, the results can be explained by some of the stream features. For
example, the Old 101 site had a dam present among the upper portion of the stream, although it
47

was removed in 2003. The dam could be preventing the predicted values of BMI due to excessive
fine sediment build up and leads to a status of “Very Likely Altered.” Many of the stream sections
such as Nipomo Street and Highland Drive have bridges built near the sites and were
straightened to accommodate urbanization. At the San Luis Obispo High School site, the status
was “Likely Intact,” potentially due to the students having the most experience with the equipment
since this was the last surveyed site, allowing for more accurate data collection. Another possible
explanation is that the stream is generally isolated by natural tall walls and more vertical banks,
making entrance to the creek harder for people.
The physical habitat measurements such as flow habitat, streamflow, canopy cover, and
substrate could have an impact on these scores. For example, the shallow, turbulent flow of riffles
should be balanced with pools. A riffle-pool ratio is important for allowing colonization of BMI as
well as movement of oxygen, food, and resources. Therefore, the low level of pool habitat may be
a contributor to lower BMI scores. Relatively low stream flows, especially for Stenner Creek, may
cause a lack of BMI present from a lack of deeper water. Shallow, slow flows prevent movement
and opportunity for BMI to colonize among the lengths of streams. Canopy cover is helpful for
maintaining microclimates, but sunshine also gets blocked out. With relatively high canopy cover,
sensitive species of BMI that require sunlight may suffer, along with aquatic macrophytes which
provide food and habitat to fish and BMI. Substrate, which was fine, medium, and coarse gravel
as the median particle across the five sites supports BMI life by providing habitat that won’t be
easily scoured by stream flow.
The chemical measurements could also impact CSCI scores. Turbidity was highest at
Old 101 where the site was rated as ‘Very Likely Altered.’ Murkiness and too many suspended
particles in the water can prevent BMI colonization due to a decrease in available oxygen and
increased temperatures. Stenner Creek Road had a pH value furthest from neutral 7, towards a
more basic pH. Sensitive species of BMI may have been missing from this site.
Human influences could have also had an impact on the BMI present. Highland Drive,
Nipomo Street, and the San Luis Obispo High School was prominently surrounded by buildings,
paved services, and roads. Trash was also found in the creek or stream at every transect for
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Highland Drive and Nipomo. The lower portion of the Stenner Creek Road segment was
rangeland with the upper portion as a hiking / biking trail. The Old 101 was surrounded by trails
and a maintenance road on either side with a historic dam upstream of the site segment. Since
the sites along Stenner Creek were rated as likely altered, structures and paved services may
have an impact on BMI scores but would not be a cause for “very likely altered” status. The dam
may be an issue for BMI success since Old 101 was also rated as “very likely altered”.
5.4 Class Improvements
After teaching the class for a quarter, a series of observations to improve the data
collection process utilizing a three-hour lab session with students were made. First off, a handson training during the first lab meeting, rather than a purely paperwork and explanation day of the
project would be more efficient and effective for the overall collection of BMI. Some hands-on
experience including solely the ambient water quality measuring tools would be beneficial.
Tutorial videos on how to use various tools that students can reference throughout the lab and
before a data collection period could help.
Since there are multiple sections of the data collection process, having team leaders to
help oversee an activity would help. Having assigned jobs going into the lab would assist the
leaders in knowing how many people they must work with. These leaders would have background
in hydrology, provide a more personalized training, and would lead in substrate collection,
streamflow collection, and PHAB collection. A graduate student should oversee BMI collection.
Two other volunteers would also be needed for calibrating the instruments before the lab meets
and cleaning waders with a water/bleach mix after the lab.
A few minor comments that could be helpful include offering an “office hour" for the lab,
or some form of a time and place to meet with students who want to help more or get advice for
water quality data collection methods. A second van for the BMI site and PHAB site would
guarantee transportation instead of hoping people can get to the site. Emphasizing the likelihood
of the BMI days taking closer to 4 hours roundtrip rather than 3 hours could potentially prevent
people from leaving before the data collection is complete. This could also be done by
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emphasizing points given for quality work instead of just showing up or taking attendance at the
end of a data collection period.
Chapter 6
CONCLUSION
The project has followed the Surface Water Ambient Water Monitoring protocol provided
by the California State Water Quality Control Board to evaluate the water quality in the city of San
Luis Obispo across five sites located in the San Luis Obispo Creek and its tributary Stenner
Creek. The collection of BMI and other factors was essential in creating an index score to
determine and explain the scores seen in the streams. The assessment found that the three sites
on Stenner Creek, Stenner Creek Road, Highland Drive, and Nipomo Street were likely altered.
For the San Luis Obispo Creek, the Old 101 site was very likely altered, and the San Luis Obispo
High School was likely intact. Along with the ambient water quality measurements and
streamflow, reasonable conditions for steelhead trout survival are indicated in the streams during
the spring season.
In order to better understand the stream quality, continued efforts of surveying the same
reaches and transects will occur. A version of the protocol was written as part of this project to
allow the collections in the allotted time for the next Cal Poly class to be achieved while not
skewing the results of the surveys. A protocol attached in the Appendix A for the finalized class
protocol will be used for the following years in which the monitoring of the stream from April to
May will occur. The City of San Luis Obispo will have access to up-to-date and relevant data to
compare shifts of water quality when undergoing projects that may impact stream water quality.
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APPENDIX A

NR 422 Course Syllabus
Stream Measurements and Water Quality Monitoring

Instructor: Jesse Stewart

Email: jstewa29@calpoly.edu

Lab: Fri. 12:10am-3:00pm

Spring Term 2022

Course Description:
Introduces the Standards Operating Procedures (SOP) of the Surface Water Ambient
Monitoring Program (SWAMP) for Field Data Collection of California Wadable Streams
through the California Water Boards. The procedures include benthic macroinvertebrate
collection, water quality measurements, and physical habitat data. There are three
collection sites along Stenner Creek and two sites along the San Luis Obispo Creek.
Additionally, there will be sites throughout the Chorro and Los Osos Creek watersheds
working with the Morro Bay National Estuary Program. By the end of the course,
students will understand the procedures for conducting bioassessments among wadable
streams in California.
Learning Outcomes:
•
•
•
•
•
•

Understand how to measure ambient water quality
Understand how to measure stream discharge using the velocity area method
Identify physical habitat (PHAB) characteristics such as slope, cobble size, cobble
embeddedness, and canopy cover
Collect benthic macroinvertebrates samples and carefully bottle samples
Communicate and collaborate in small teams during data collection procedures
Record data in a legible way onto the SWAMP forms

Required Texts:
No textbooks needed
Recommended Readings:
Ode, P., A. Fetscher, and L. Busse. (May 2016). Standard Operating Procedures (SOP) for
the collection of field data for bioassessments of California wadeable streams: benthic
macroinvertebrates, algae, and physical habitat. SWAMP Bioassessment Procedures.
https://www.waterboards.ca.gov/water_issues/programs/swamp/bioassessment/docs/
01-combined-sop-final-v4-11mar2016.pdf (accessed March 2022)
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Attendance & Participation
Attendance is crucial for this hands-on lab. Slots for sign up will be provided for the
sites. It is expected of you to show up for your selected dates and sites. Once an event is
missed, it will be difficult to make up.
Of course, emergencies may arise in which the instructor must receive a notification of
absence prior to class when possible. In cases of extended or emergency absences (i.e.
family emergency, illness, or quarantine), please contact the instructor so that
arrangements can be made.
Diversity, Inclusion, & Sustainability
This classroom, both in the room and in the field. is a place where you will be treated
with respect and understanding. I welcome individuals of all ages, backgrounds, beliefs,
races, ethnicities, social classes, genders, gender identities, gender expressions, national
origins, documentation statuses, religious affiliations, sexual orientations, abilities – and
other visible and nonvisible differences. All members of this class are expected to
contribute to a respectful and inclusive environment. This does not mean we cannot
disagree or have different ideas. It does mean we try to consider perspectives other
than our own, though they may differ from our own beliefs/experiences. If you
experience disrespect or discrimination in this class, please report your experiences to
me.
Disabilities
It is university policy to provide reasonable accommodations to students who have
disabilities that may affect their ability to participate in course activities or to meet
course requirements. If you have a disability for which you are or may be requesting an
accommodation, you are encouraged to contact both your instructor and the Disability
Resource Center, Building 124, Room 119, at (805) 756-1395, as early as possible in the
term.
COVID-19 Compliance, Classroom, and Campus Safety
Cal Poly is committed to protecting the health and safety of the campus community.
Taking preventative steps, as well as monitoring your health and staying home if you are
feeling unwell, will help protect the entire Cal Poly community.
By participating in this course, you agree to abide by all campus safety protocols. Please
note that safety protocols may change throughout the quarter.
Preferred Pronouns
At Cal Poly everyone has the right to be addressed by the name and personal pronouns
that correspond to their gender identity, including non-binary pronouns. If you have not
yet updated your pronouns in Canvas, you can do so at the beginning of the term so that
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I can make sure to refer to you using the correct pronouns. I recognize that preferred
names and pronouns may change during the quarter, if at any point during the quarter
you would like to be addressed differently, please let me know.
Grading:
The grading is done based on a point system for the number of activities you achieve.
Completing tasks each week will get you a point. As long as you attend all of the
required activities, you will meet the 6 points goal.
Grading
A
B
C
D

Points
6
5
4
3

Course Outline:
Week
1

Date
April 1

2
Saturday
(Optional)

April 8
April 9

Task
Classroom training of
protocol, hands on with
water quality
BMI Stenner Highland
And/or Morro Bay National
Estuary Program (MBNEP)
Training
Work on MBNEP sites
(attending MBNEP training
required)
BMI Stenner Nipomo,
PHAB Stenner Highland
BMI Upper SLO,
PHAB Stenner Nipomo
BMI Upper Stenner,
PHAB Upper SLO
BMI SLO High School,
PHAB Upper Stenner
PHAB SLO High School
Data entry, analysis
Data entry, analysis
Wrap-up

Miscellaneous
dates
3

April 15

4

April 22

5

April 29

6

May 6

7
8
9
10

May 13
May 20
May 27
June 3

NO FINAL
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Points
1
1

1 per site
1 per site

1 (pick
one week)
1

APPENDIX B
Stream Site Results
1. Streamflow
As referenced in the Methods section, the average streamflow was found for each
distance and summed up for a total streamflow. If numbers are negative, that references a flow
that is flowing upstream, rather than down. Situations with boulders, sharp turns, or large woody
debris would often lead to some negative flows, as well as shallow water that gets obstructed by
smaller substrate particles.
Table B.1 The streamflow measurements for Highland Drive. The total streamflow is 0.66 (cfs).
Distance from Left
Bank (ft)

Depth (ft)

Velocity (ft/sec)

Streamflow (cfs)

2.2

0

0

0

2.7

0.12

0.15

0.01

3.2

0.20

0.17

0.01

3.4

0.20

0.04

0.00

3.8

0.26

0.61

0.08

4.3

0.29

1.23

0.18

4.8

0.30

2.04

0.30

5.3

0.19

0.73

0.30

6.0

0.11

-0.03

0

6.8

0

0

0

Table B.2 The streamflow measurements for Nipomo Street. The total streamflow is 0.90 (cfs).
Distance from Left
Bank (ft)

Depth (ft)

Velocity (ft/sec)

Streamflow (cfs)

1.6

0

0

0

2.5

0.16

0.06

0.008

3.3

0.2

0.19

0.03

4.1

0.29

0.18

0.04

4.9

0.37

0.16

0.05

5.7

0.43

0.3

0.07

6.6

0.41

0.27

0.09

7.4

0.42

0.37

0.13

8.2

0.4

0.32

0.10
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Distance from Left
Bank (ft)

Depth (ft)

Velocity (ft/sec)

Streamflow (cfs)

9.0

0.5

0.22

0.09

9.8

0.5

0.28

0.11

10.7

0.44

0.21

0.08

11.5

0.41

0.14

0.05

12.3

0.42

0.06

0.02

13.1

0.43

0.02

0.007

13.9

0.45

0.01

0.004

14.8

0.51

0.01

0.004

15.6

0.5

0.01

0.004

16.4

0.37

0.01

0.004

18.0

0

0

0

Table B.3 The streamflow measurements for Old 101. The total streamflow is 0.30 (cfs).
Distance from Left
Bank (ft)

Depth (ft)

Velocity (ft/sec)

Streamflow (cfs)

0

0

0

0

0.2

0.04

0.06

0

0.6

0.35

0.30

0.03

0.8

0.30

0.55

0.05

1

0.35

0.83

0.06

1.2

0.20

0.05

0

1.4

0.20

0.33

0.01

1.6

0.25

0.75

0.04

1.8

0.20

1.26

0.05

2

0.15

1.13

0.03

2.2

0.10

0.39

0

2.4

0.05

0.16

0

2.6

0.05

0.26

0

2.8

0.10

0.22

0.01

3

0.15

0.24

0.01

3.2

0.15

0.23

0.01
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3.4

0.10

0.33

0.01

3.6

0.075

0.11

0.002

3.8

0.05

0.03

-0.003

Table B.4 The streamflow measurements for Stenner Creek Road. The total streamflow is 0.73
(cfs).
Distance from Left
Bank (ft)

Depth (ft)

Velocity (ft/sec)

Streamflow (cfs)

0

0

0

0

0.1

0.5

0.1

0.005

0.2

0.25

0.03

0.0007

0.3

0.25

0.3

0.007

0.4

0.25

0.28

0.007

0.5

1

0.8

0.08

0.6

1

0.47

0.05

0.7

0.6

0.25

0.015

0.8

1

0.37

0.04

0.9

1.25

0.29

0.04

1

1.25

0.99

0.12

1.1

1.25

1.18

0.15

1.2

1.25

0.81

0.10

1.3

1

0.11

0.01

1.4

1

0.24

0.02

1.5

1

0.55

0.055

1.6

0.9

0.2

0.02

1.7

0.5

0.18

0.009

1.8

0.4

0.01

0.0004

1.9

0

0

0
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Table B.5 The streamflow measurements for San Luis Obispo High School. The total streamflow
is 0.14 (cfs).
Distance from Left
Bank (ft)

Depth (ft)

Velocity (ft/sec)

Streamflow (cfs)

0

0

0

0

0.1

0

0

0

0.2

0.1

0.04

0.0004

0.3

0.1

0.01

0.0001

0.4

0.1

0.01

0.0001

0.5

0.08

0

0

0.6

0.15

0.14

0.003

0.7

0.65

0.11

0.007

0.8

0.75

0.12

0.007

0.9

0.65

0.12

0.008

1

0.88

0.08

0.007

1.1

0.1

0.08

0.008

1.2

0.9

0.08

0.008

1.3

0.9

0.06

0.005

1.4

1.1

0.14

0.015

1.5

1.15

0.14

0.016

1.6

1.15

0.18

0.02

1.7

1.15

0.13

0.01

1.8

1.2

0.11

0.01

1.9

1.3

-0.01

0.01

2. Substrate
The total number of substrate per size were summed up to find the substrate size
distribution. A total of 105 substrate collections per stream site were used for finding the substrate
of the stream. About 40% substrate was sand for all five sites.
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Figure B.1 The percentage of substrate class sizes at Highland Drive.

Figure B.2 The percentage of substrate class sizes at Nipomo Street.

62

Figure B.3 The percentage of substrate class sizes at Old 101.

Figure B.4 The percentage of substrate class sizes at Stenner Creek Rd.
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Figure B.5 The percentage of substrate class sizes at San Luis Obispo High School.
3. Canopy Cover
The canopy cover was found at each main transect (11 measurements). The number of points
refer to how much of the sky was not visible through the canopy, so the total is how much of the
transect is covered by overhanging vegetation or structures (a lack of blue in the point on the
densiometer). Canopy cover does not go below for 50% for any of the five sites.
Table B.6 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Highland Drive.
Transect

Center Left

Center
Upstream

Center Right

Center
Downstream

Canopy
Cover (%)

A

10

5

9

6

55

B

8

5

6

9

58

C

4

3

5

2

79

D

0

6

3

4

80

E

0

1

0

1

97

F

8

7

3

2

70

G

6

5

8

6

63

H

1

1

1

3

91

I

2

1

4

3

85

J

3

2

5

2

82

K

3

2

2

1

88

64

Table B.7 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Nipomo Street.
Transect

Center Left

Center
Upstream

Center Right

Center
Downstream

Canopy
Cover (%)

A

4

4

3

5

76

B

5

4

0

4

81

C

6

2

0

5

81

D

5

7

5

8

63

E

1

7

3

6

75

F

0

2

6

1

87

G

3

8

6

1

74

H

16

14

14

16

12

I

3

3

3

4

81

J

8

3

7

6

65

K

3

2

4

5

79

Table B.8 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Old 101.
Transect

Center Left

Center
Upstream

Center Right

Center
Downstream

Canopy
Cover (%)

A

8

2

4

4

74

B

0

2

3

5

85

C

0

0

1

1

97

D

1

0

0

0

99

E

0

0

0

1

99

F

1

1

1

1

94

G

0

6

3

0

87

H

0

4

3

0

90

I

0

0

1

0

99

J

1

2

1

1

93

K

0

0

3

0

96
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Table B.9 The canopy cover measurements taken at each transect and the total percent cover
from the points found at Stenner Creek Road.
Transect

Center Left

Center
Upstream

Center Right

Center
Downstream

Canopy
Cover (%)

A

9

1

0

0

85

B

1

1

0

0

97

C

2

10

3

0

78

D

0

4

3

2

87

E

2

0

2

0

94

F

0

1

0

0

99

G

1

0

0

1

97

H

0

1

0

0

99

I

9

5

3

3

71

J

15

17

13

10

19

K

10

6

2

8

62

Table B.10 The canopy cover measurements taken at each transect and the total percent cover
from the points found at San Luis Obispo High School.
Transect

Center Left

Center
Upstream

Center Right

Center
Downstream

Canopy
Cover (%)

A

3

4

3

4

79

B

6

3

6

6

69

C

0

3

3

0

91

D

0

0

0

1

98

E

4

9

9

7

57

F

6

7

6

5

64

G

1

1

1

1

94

H

0

3

4

2

86

I

1

2

1

0

94

J

7

5

3

4

72

K

0

0

1

1

97

66

4. Flow Habitats
Flow habitat is important for understanding what BMI we’re seeing and if any types of
habitats are dominating a stream. Based on the tolerance of various BMI groups, a dominate flow
habitat may be responsible for the BMI results for the site. As seen from the slower streamflow,
some habitats such as cascades are lacking. Riffles and glides were the dominant habitat types
for the five sites. Flow habitats are given in percentages rounded to the nearest 5%.
Table B.11 The flow habitats between transects for Highland Drive.
Transect

Cascades

Rapids

Riffle

Run

Glide

Pool

Dry

AB

-

-

20

50

20

10

-

BC

-

-

10

-

30

60

-

CD

-

-

30

-

70

-

-

DE

-

-

-

20

20

60

-

EF

-

-

50

-

50

-

-

FG

-

-

15

50

35

-

-

GH

-

-

60

-

40

-

-

HI

-

25

-

-

75

-

-

IJ

-

-

25

25

50

-

-

JK

-

-

-

25

75

-

-

Average (%)

0

2.5

21

17

46.5

13

0

Table B.12 The flow habitats between transects for the Nipomo Street site.
Transect

Cascades

Rapids

Riffle

Run

Glide

Pool

Dry

AB

-

-

-

-

50

50

-

BC

-

-

-

-

100

-

-

CD

-

-

-

-

100

-

-

DE

-

-

-

-

100

-

-

EF

-

-

-

25

75

-

-

FG

-

-

-

50

50

-

-

GH

-

-

-

30

70

-

-

HI

-

-

-

-

100

-

-

IJ

-

-

-

70

20

10

-

JK

-

-

10

40

50

-

-

Average (%)

0

0

1

21.5

71.5

6

0

67

Table B.13 The flow habitats between transects for the Old 101 site.
Transect

Cascades

Rapids

Riffle

Run

Glide

Pool

Dry

AB

-

5

65

-

30

-

-

BC

-

5

50

40

5

-

-

CD

-

5

95

-

-

-

-

DE

-

-

90

10

-

-

-

EF

-

10

80

10

-

-

-

FG

-

-

10

60

30

-

-

GH

-

10

50

20

20

-

-

HI

-

25

25

20

20

10

-

IJ

-

10

40

-

30

20

-

JK

-

10

30

60

-

-

-

Average (%)

0

8

53.5

22

13.5

30

0

Table B.14 The flow habitats between transects for the Stenner Creek Road site.
Transect

Cascades

Rapids

Riffle

Run

Glide

Pool

Dry

AB

-

10

60

-

25

5

-

BC

-

-

40

-

60

-

-

CD

-

-

50

-

40

10

-

DE

-

-

90

-

-

10

-

EF

-

10

50

-

25

15

-

FG

-

5

15

20

60

-

-

GH

-

-

100

-

-

-

-

HI

-

5

70

-

20

5

-

IJ

-

-

60

-

40

-

-

JK

-

-

80

10

10

-

-

Average (%)

0

2

61.5

3

28

5.5

0

68

Table 4.15 The flow habitats between transects for the San Luis Obispo High School site.
Transect

Cascades

Rapids

Riffle

Run

Glide

Pool

Dry

AB

-

-

20

80

-

-

-

BC

-

10

20

20

50

-

-

CD

-

-

20

60

20

-

-

DE

-

-

-

-

100

-

-

EF

-

-

10

-

90

-

-

FG

-

-

-

100

-

-

-

GH

-

-

50

-

40

10

-

HI

-

-

-

-

100

-

-

IJ

-

-

-

-

95

5

-

JK

-

-

-

50

50

-

-

Average (%)

0

1

12

31

54.5

15

0

69

